Glottal relationships during swallowing dominate the etiology of dysphagia. We investigated the pharyngo-glottal relationships during basal and adaptive swallowing.
INTRODUCTION
Airway safety and problems in swallowing constitute a significant challenge in neonates and infants who have undergone intensive care (1) . Inadequate airway protection during swallowing is an important contributory factor to feeding-related morbidity. Appropriate laryngeal closure refl ex mechanisms can ensure safe swallowing and may protect against aspiration, as recognized in studies on adults (2) . Anterograde aspiration has been known to occur in the pre-deglutitive phase, deglutitive phase, and in post-deglutitive phase, and retrograde 10.1038/ajg.2009.411 aspiration may result from gastroesophageal refl ux (GER) events (3) . Th e integrity of aerodigestive protective refl exes in infants is not well understood; however, it is of relevance in infants with acute life-threatening events or aspiration syndromes (4) . Th e protective function of the glottis in relation to the pharyngeal phase of swallowing in infants is not clear in health or in dysphagia.
Swallowing-related laryngeal adduction has been determined in adult human and animal models using radiological or videoendoscopic methods (2,5 -7) . Such methods are not practical in infants, and prolonged evaluations are not feasible to quantify temporal characteristics of pharyngeal -glottal interactions. Th erefore, in earlier studies, we have validated the function of adduction of vocal folds and arytenoids during concurrent nasolaryngoscopy and noninvasive ultrasonography of glottis (USG) (8, 9) . In subsequent studies, we have defi ned the esophagoglottal closure refl ex using concurrent manometry and USG (10, 11) . We have also defi ned the pharyngeal -upper esophageal sphincter (UES) relationships separately during spontaneous and induced swallows (12, 13) . However, pharyngo-glottal relationships have not been defi ned in infants.
In infants, the pharynx and larynx have several functions; however, a primary continuous function is to provide airway protection to ensure safe swallowing (14) . Th is study was undertaken in healthy infants to accomplish the following aims: (i) to develop a safe noninvasive method to evaluate continuous glottal motion during concurrent pharyngoesophageal manometry; (ii) to defi ne the frequency and magnitude of the pharyngo-glottal relationships during spontaneous swallows and on pharyngeal provocation; and (iii) to evaluate the temporal relationships between the coordination of glottal closure with pharyngo-UES interactions and respiratory phases. With these aims, we tested the hypothesis that glottal responses are diff erent between those induced on spontaneous swallows and those induced on pharyngeal provocation using concurrent pharyngoesophageal manometry and USG.
METHODS

Participants
We evaluated 12 neonates (8 male:4 female; 27.4 ± 1.1 weeks gestational age (GA) (median: 26.3 weeks, range: 23.0 -35.0 weeks) at 44.1 ± 1.8 weeks postmenstrual age (PMA) (median: 42.1 weeks, range: 37.1 -56.1). GA was determined by evaluating maternal history and obstetric data and PMA was calculated by adding chronological ages to GA. At the time of study, the average body weight was 3.5 ± 0.3 kg (median: 3.5 kg, range: 2.3 -5.5 kg). Healthy orally fed subjects were included, and those with structural, chromosomal, or neurological anomalies were excluded from the study. Th e Human Research Review Committee at the Nationwide Children ' s Research Institute / Nationwide Children ' s Hospital ' s IRB (Institutional Review Board) approved the study protocol. Informed consent and HIPAA (Health Insurance Portability and Accountability Act) of 1996 authorization were obtained from the parents of the study participants. IRB and HIPAA compliance were observed. To ensure subject protection, all studies were carried out at the crib side in the nursery, and subject safety was monitored by close clinical observation.
Pharyngo-esophageal manometry
Th e subjects underwent pharyngoesophageal manometry as described by us (12, 13) . A specially designed pharyngoesophageal manometry catheter (Dentsleeve / Mui Scientifi c, Mississauga, ON, Canada) was passed nasally without using sedation or anesthesia. Th e catheter had a 4.0-cm UES sleeve (Dentsleeve) to identify UES characteristics and three side ports below the UES (E1, E2, E3, spaced 2.5, 4.5, 6.5 cm, respectively, below the center of the UES sleeve) to recognize peristalsis. In addition, a pharyngeal recording port (located 3.0 cm above the center of the UES sleeve) was used to record pharyngeal swallow waveform signal, and a pharyngeal infusion port (located 5.0 mm proximal to the pharyngeal recording port) was used to stimulate the pharynx. Both the posteriorly oriented pharyngeal ports and the fl attened UES sleeve conformed to the fl at anteroposterior slit-like UES confi guration. Th erefore, once in position, the sleeve prevented the axial rotation of the UES catheter. As a result, pharyngeal perfusion port and stimulation ports were always maintained in posterior orientation. Th e catheter assembly was connected to the pneumohydraulic micromanometric water perfusion system (Solar Gastro, Medical Measurement Systems, Dover, NH) through the resistors (Mui Scientifi c) and pressure transducers, (TNF-R (tumor necrosis factor receptor), Becton Dickinson, Franklin Lakes, NJ). All studies were carried out in the supine position, with the transducers placed at the level of the subject ' s esophagus (mid-axillary line).
Respiratory inductance plethysmography
Concurrent with manometry, thoracic and abdominal respiratory movements were recorded using respiratory inductance plethysmography (Respitrace, Viasys, Conshohocken, PA). Th e upstroke of the respiratory waveform correlated with inspiration evidenced by chest rise, and the downstroke of the waveform correlated with expiration evidenced by the return of the chest to baseline. Th e respiratory recordings were integrated with all other measurement modalities (Solar Gastro).
Swallow: electromyography
Concurrently, submental EMG (electromyography; Solar Gastro), used to document swallow signal, was recorded by placing surface EMG leads in the submental region as described previously (12, 13) . Th e submental EMG was integrated with all other measurement modalities within the system (Solar Gastro), and was used to correlate swallow EMG with pharyngeal waveform signal.
Concurrent USG
USG was performed once per subject to monitor the continuous glottal motion concurrent with pharyngo -UES -esophageal PEDIATRICS Jadcherla et al.
motility and respiratory phases, as described by us (8 -11) . In this study, USG was performed using a Siemens Acuson Sequoia 512 ultrasound system (Siemens, Mountain View, CA) equipped with a 15 -8 MHz linear array transducer (operating between 12 and 14 MHz). Th e ultrasound transducer was placed on the anterior neck, using gel as an acoustic coupling medium ( Figure 1 ) . Th e video output signals (30 Hz) derived from USG were integrated and synchronized in real time with manometry signals using the Meteor 2 video card (Medical Measurements System, Dover, NH) (8 -11) . Th is technique allowed us to analyze USG images frame by frame along with concurrent manometry recordings ( Figures 1 and 2 ).
Experimental protocol
Th ese studies were carried out in healthy infants who were receiving oral feedings and were not on any respiratory stimulants, neuroactive agents, prokinetics, or acid-suppressive medications. Subject safety was monitored by both the principal investigator and the nurse throughout the study.
Th e catheter assembly was passed transnasally and positioned through the pharynx, UES, and esophagus. Th e baseline high-pressure zone of the UES and its relaxation characteristics during primary peristalsis were identifi ed to ensure a proper placement of the catheter assembly (12, 13) . A swallow occurrence was documented by the submental surface EMG of the mylohyoid / geniohyoid muscle group and as well by (i) the pharyngeal waveform, (ii) characteristic UES deglutitive relaxation, and (iii) propagation through esophageal body waveforms. Infants were fi rst allowed to adapt (approximately 10 -15 min) to the catheter systems and subsequently, USG was performed concurrent to the manometry. Subjects were studied in only one concurrent session that lasted about 15 -20 min. During this period, the USG transducer was readjusted to ensure the subject comfort and adaptation.
Th e study had two fundamental objectives, i.e., evaluation of the glottal function during (i) spontaneous swallows and (ii) pharyngeal provocation. To investigate the former, continuous USG was recorded during spontaneous swallow-induced primary peristalsis. To investigate the latter, we applied the previously tested infantpharyngeal provocation protocol (12) . Briefl y, during a period of pharyngoesophageal quiescence, fi rst, 0.5 and 1.0 ml volumes of air were infused through the pharyngeal infusion port to induce pharyngeal refl exive swallows (PRSs). Next, sterile water (0.1, 0.3, and 0.5 ml volumes) was administered. Infusions were administered randomly with respect to the respiratory phase, as the investigator (S.R.J.) had no control of the infant ' s respiratory pattern. To prevent the confounding eff ects, attention was given to the following: (i) infusions that were administered during pharyngeal -esophageal manometric quiescence; (ii) the presence of esophageal clearance that was documented by anterograde waveforms; and (iii) infusions that were administered during a period of quiet breathing. Th is approach was used to ensure the absence of residual eff ects of stimulus and to prevent the eff ect of propagating waveforms on the more proximal locus. Administration of the stimulus was documented through the manometric signal ( Figure 1 ).
Data analysis
Spontaneous swallow and PRS were recognized as previously defi ned by us (12, 13) . Respiratory phase changes during spontaneous and induced swallows were recognized by the presence of phase alterations or by a pause in relation to the pharyngeal waveform signal. Th e respiratory pause during the occurrence of swallow was characterized as deglutition apnea (15, 16) . Simultaneously, changes in glottal fold motion during spontaneous respiration and swallows were recognized. During pharyngeal provocation, glottal adduction (the pharyngo-glottal closure refl ex (PGCR)) was noted fi rst, followed by a return to normal glottal motion. Glottal closure occurred again during PRS ( Figure 3 ).
Subsequent to the study, a frame-by-frame analysis was carried out to measure the temporal characteristics of glottal motion during spontaneous swallow, pharyngeal infusion, and PRS. Data were analyzed by four observers (S.R.J., A.G., M.W., and B.C.) as follows: fi rst, the presence or absence of glottal adduction, deglutition apnea, and PRS were documented; second, the duration in seconds for the (i) response latency of glottal adduction and (ii) the duration of complete glottal adduction (from the onset of complete glottal adduction to the return of glottal abduction); and third, the response latency in seconds was measured for the PRS. Finally, the respiratory phase and the deglutition apnea during the events were evaluated. Th e eff ects of infusion media and volumes were also compared.
Statistical analysis
On the basis of a priori defi nitions (8 -11,13,17,18) , glottal closure events were recognized in relation to swallowing and respiration by three observers (S.R.J., B.C., and A.G.). Concordance and 
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reproducibility of the data analysis were further computed on the basis of the agreement rates between two independent observers (A.G. and M.W.) for the association of deglutition apnea during spontaneous swallow, PRS, and PGCR. Both the observers identifi ed the occurrence of deglutition apnea ( Table 1 ) with 100 % accuracy during spontaneous swallow and PRS, and with 98.6 % accuracy during PGCR.
Th e data for this study comprised several measurements per subject. Repeated measurement models (PROC MIXED) with subject as a cluster variable and compound symmetry variance -covariance matrix were used to analyze all the continuous outcome variables (response time to glottal closure with spontaneous swallow, response time to PRS, response time to PGCR, and duration of glottal adduction during PGCR). Th ese models take into account the correlations within the subjects. Th e same model was used to analyze the relationship between each of the continuous variables and stimulus type and volume. Th e 2 test or Fisher ' s exact test was carried out to analyze binary outcome variables during the respiratory phases (inspiration or expiration) and during glottal closure with each of the predictors listed above. Pairwise comparisons among the three diff erent types of response times and among the three diff erent types of glottal closure times were made. Data were adjusted for multiple testing by applying the Bonferroni method. SAS (SAS v.9.1. Institute, Cary, NC) was used to perform the analyses. Mean ± s.e.m. or least squared means ± s.e.m. is reported, unless stated otherwise. P values and adjusted P values < 0.05 were considered statistically signifi cant.
With a sample size of 12 subjects from whom measures due to diff erent stimuli are collected, a study would have 80 % power to detect the diff erences found in this study between the response latency and duration of glottal closure caused by spontaneous swallows or PRSs.
RESULTS
Demographic characteristics
Subjects ( N = 12) were of appropriate growth for gestation at birth (weight: 1.1 ± 0.2 kg, length: 35.4 ± 1.9 cm, head circumference: 24.2 ± 1.2 cm, mean ± s.d.). Th e median APGAR scores were 6 and 8 at 1 and 5 min, respectively. At evaluation, the cohort was normally distributed with respect to the postmenstrual age (44.1 ± 1.8 week, median: 42.1 week, range: 37.1 -56.1 week) and had age-appropriate growth parameters (weight: 3.5 ± 0.3 kg, length: 48.3 ± 1.6 cm, and head circumference: 35.7 ± 1.1 cm). At evaluation, the subjects were healthy, physiologically stable, and transitioning to oral feeds; at the time of discharge, all the subjects were receiving oral feeds.
Observations during concurrent manometry and USG
Th e subjects were studied only in one concurrent session that lasted for approximately 15 -20 min during which no side eff ects or concerns were noted. Th e glottal motion was observed during normal inspiration and expiration. Complete glottal adduction was never observed during this normal occurrences is described. ( Table 1 and Figure 2 ). Th e response latency for complete glottal closure from the onset of pharyngeal waveform was 2.9-fold quicker (vs. UES relaxation onset, P < 0.0001, Figure 4 ) and the durations were similar ( P = NS). Out of 53 swallows, 32 occurred during the inspiratory phase and 21 in the expiratory phase. To test the relationship of the respiratory phase of glottal closure with the respiratory phase of pharyngeal swallow, four possible scenarios were visualized ( Figure 5 ) and are described in Table 2 . Glottal adduction is likely to occur in the same respiratory phase as the onset of pharyngeal waveform (odds ratio = 3.58, confi dence interval: 1.13, 11.35, P = 0.03) .
Glottal kinetics with pharyngeal provocation
Overall, glottal responses to 41 pharyngeal infusions (26 water and 15 air infusions) were analyzed, and the frequencies of PGCR and deglutition apnea are described in Table 1 . Th e response latency was 0.56 ± 0.13 s, and the glottis remained adducted for 0.52 ± 0.10 s. Th e glottal response latency and the duration of glottal adduction remained similar even with different media (air vs. water) ( P = NS) and with diff erent infusion volumes of the same media ( P = NS). Th e glottal adduction was inspiration and expiration or during pharyngoesophageal quiescence. Complete glottal adduction was observed only during the following events: (i) during spontaneous primary peristalsis ( Figure 2 ) and (ii) during pharyngeal provocation with PGCR ( Figure 3 ) and also with PRS ( Figure 3 ).
Glottal kinetics with spontaneous swallows
Glottal kinetics was evaluated concurrent with respiratory phase changes during 53 spontaneous swallows (average ~ 4 per subject), and the frequency of glottal adduction and deglutition apnea 
Glottal kinetics during PRSs
During PRSs, glottal adduction reoccurred ( Figure 3 ), and the frequency occurrence was 85 % (35 responses / 41 infusions). All the water infusions (26 / 26) resulted in PRSs, whereas only 60 % (9 / 15) air infusions resulted in PRSs ( P = 0.001).
Out of these 35 PRS responses (26 water and 9 air infusions), USG was not interpretable with 4 sequences. Th erefore, with the 31 PRS sequences, the response latency to PRS was 3.24 ± 0.33 s from the onset of pharyngeal infusion, and the frequency of glottal adduction was 100 % . Complete glottal closure onset was 0.6-fold sooner (vs. UES relaxation onset, P = 0.04), and the duration of glottal adduction was 3.8-fold longer (vs. UES nadir, P = 0.04, Figures 3  and 6 ) Glottal adduction occurred in the same respiratory phase of the refl exive pharyngeal swallow waveform onset ( P < 0.0001, to PRS ( Figure 7a ). On the other hand, compared with PGCR and with spontaneous swallow, the glottis remained closed longer with PRS ( P < 0.005, Figure 7b ).
DISCUSSION
In this study, we have defi ned the unique pharyngo-glottal relationships for the fi rst time in infants using a novel technique, concurrent manometry, and USG. Th e following are the salient features: (i) frequency occurrence, magnitude, and temporal relationships between swallowing refl exes and changes in glottal motion can be evaluated safely in infants; (ii) spontaneous or induced swallow-related glottal adduction and PGCR are independent refl exes that can occur in inspiration or expiration; and (iii) the response acuity and response duration of glottal adduction are diff erent under diff erent situations, namely spontaneous swallow, pharyngeal provocation, and PRS. In addition, these approaches may permit a prolonged evaluation of aerodigestive refl exes in patients with dysphagia with the potential of characterizing the pathophysiological basis for symptoms across the age spectrum. Glottal adduction is a consequence of contraction of the glottal adductors (thyroarytenoid, cricothyroid, lateral cricoarytenoid, and inter arytenoid) innervated by the recurrent laryngeal nerve with a notable exception of cricothyroid (innervated by the external division of superior laryngeal nerve) (14) . Th e pharynx is innervated by superior laryngeal nerve (from Vagus) and may also receive contributions from the glossopharyngeal nerve. In response to pharyngeal stimulation, glottal adduction is seen in healthy infants, similar to that in adult human or animal models. Th us, this sensory -motor relationship between pharyngeal aff erents and laryngeal eff erents support the function of PGCR, i.e., protection of airway with pharyngeal provocation may happen during swallowing or during more proximal GER events. Th erefore, recognition and characteristics of this refl ex allows the evaluation of superior laryngeal nerve and recurrent laryngeal nerve integrity.
With pharyngeal provocation, PGCR occurred fi rst followed by swallowing (PRS) concurrent with glottal adduction
Comparison of glottal kinetics during spontaneous swallows and on pharyngeal provocation
Th e response latency and response duration of glottal adduction during spontaneous swallows and with pharyngeal provocation that resulted in PRS were diff erent (analysis of variance, P < 0.05, Figure 7a and b ) . Owing to the variance -covariance matrix calculation eff ect, the average and s.e.m. values were minimally diff erent from those reported previously, although the data were the same. Compared with PGCR, the response latency for the onset of glottal adduction was 2.3-fold faster with spontaneous swallow ( P = 0.04) and was similar ( P = NS) ( Figure 3 ). Th is event signifi es further enhancement of airway protection during the actual pharyngo-UES phase of swallowing. Furthermore, glottal adduction was always seen in spontaneous swallows that may be volitional or refl exive in nature, a fact that cannot be diff erentiated in infants. Th e fact that glottal closure occurred during all such events ( Figure 2 ) supports the need for airway protection during swallowing events in infants, regardless of the mechanism of pharyngeal swallow or of premature birth.
Evaluation of the glottal function using endoscopy methods in dysphagia can be limited to the identifi cation of gross structural pathology and vocal cord movement. Th e current methods may be more acceptable to study aerodigestive refl exes in health or dysphagia across the age spectrum, as they are less invasive and are therefore less stressful. For example, the occurrence of peristaltic refl exes favoring pharyngoesophageal clearance and preventing the entry of stimulus into the proximal aerodigestive tract can be protective. Such provocations and responses may occur spontaneously during GER events and remain uneventful in healthy infants. On the other hand, high-risk infants such as those born prematurely or those surviving with chronic lung disease (CLD) are at an increased risk of dysphagia, GER disease, and apparent life-threatening events. We hypothesize that some of the symptoms of these conditions can be explained from the failure or exaggeration of protective refl exes, and either of these results may cause physiological derangement contributing to the aerodigestive pathology in infants.
We have previously defi ned and quantifi ed the sensorymotor relationships between the mechanosensitive and osmosensitive pharyngeal stimuli and pharyngeal refl exes (PRS and PUCR (pharyngo-UES contractile refl ex) PUCR) in healthy infants (12) . PRS was most frequently observed in neonates, unlike the PUCR that occurs more frequently in adults (17, 18) . In this study, during glottal adduction with PGCR and PRS, signifi cant diff erences were noted with respect to their temporal characteristics, frequency occurrence, response latency, and response duration. Th is may suggest that these refl exes may be activated by diff erent sensory -motor pathways, and that their functions may be complementary in aerodigestive clearance or protection. Th e fact that the airway closure may be a hypervigilant response is suggested by the occurrence of PGCR 5.7-folds earlier than the PRS, and that PRS occurring later lends support to steer clear the of stimulus. In this study, low volumes (0.1 ml) evoked PGCR followed by PRS and larger volumes (>0.3 ml, ~ 3 drops) resulted in PGCR and multiple PRS. Some of these fi ndings may explain the frequent swallowing as an auto-resuscitation mechanism noted in high-risk neonates who are also at risk for airway compromise.
We also tested the relationship of PGCR with inspiratory or expiratory phases. During normal inspiration and expiration, respectively, vocal cords abduct and incompletely adduct, but are not completely adducted. However, complete adduction was observed in either phase of respiration during spontaneous or induced swallows (as in PRS), as well as during PGCR. Furthermore, an abrupt glottal closure in either phases of respiration was noted regardless of the respiratory phase in which pharyngeal waveform onset or pharyngeal provocation occurred. Th e stimulus may have caused mechanosensitive or osmosensitive stimulation transmitting sensory impulses to the brain stem through the aff erent nerves (cranial nerves IX, X). Th e eff erent signals traverse in the vagus through the recurrent laryngeal and superior laryngeal nerves to the laryngeal adductor muscles (6,19 -22) . Pharyngeal aff erents may have activated two motor pathways ( Figure 8 ), namely peristaltic refl exes and glottal closure refl ex. Th e fact that PGCR occurred in either respiratory phase suggests that closure of the glottal opening took precedence over the completion of respiratory phase and that the respiratory drive mediated by the respiratory center and or by the Hering -Breuer refl ex may be interrupted (23) . Th is has been observed as deglutition apnea in this study (16, 24) .
Th e administration of the stimulus was by random selection with regard to the respiratory phase. Th is is in contrast to the adult studies, wherein voluntary control and slower breathing rates may have modifi ed the glottal responses. Deglutition, glottal closure refl ex, and deglutition apnea occur predominantly in the expiratory phase in adults (16, 24) . Th e fi ndings in this study inference is further supported by the fact that glottal adduction signifi cantly correlated with deglutition apnea. Collectively, these fi ndings suggest close integration of pharyngeal, glottal, UES, and respiratory rhythm, and such integration is possibly orchestrated in the vagal nuclear complex ( Figure 8 ) .
Th e following potential clinical implications were identifi ed for the evaluation of pharyngo-glottal relationships: (i) Th e pharynx participates in the regulation of safe breathing and safe swallowing. However, an inadequacy of such functions can be of concern among infants with aerodigestive problems, such as those with dysphagia, CLD or GER disease, or those born prematurely. Definition of the integrity of supra-esophageal refl exes may explain the aberrant neuromotor mechanisms responsible for aerodigestive maladaptation, anterograde or retrograde aspiration, or for the prevalence of apparent life-threatening events. (ii) Th e true incidence of glottal problems is unclear in neonates and infants undergoing intensive care, and can at best be underestimated. Similar problems in adults are increasingly prevalent (25) . Th ese problems assume importance particularly among those who in infants are diff erent in that, regardless of the respiratory phase of stimulation or the onset of pharyngeal waveform, glottal adduction can occur in either respiratory phase. Th is supports the presence of a break in neural outputs controlling inspiration or expiration. For such an intricate arrangement in neural networks to function, the vagal nucleus is likely to coordinate the regulation between swallowing, glottal motion, and respiratory drive. Such a system is functional in healthy infants, and can be measured reproducibly. Further studies are needed to clarify the mechanisms in infants with aerodigestive symptoms.
As PGCR always occurred with pharyngeal provocation earlier than PRS, it is likely that this mechanism may ensure airway protection from pre-deglutitive aspiration, as in premature bolus spill during buccopharyngeal swallowing or high GER events. Furthermore, a reoccurrence of glottal adduction during PRS may ensure airway protection from deglutitive aspiration. Th ese responses may be a manifestation of hyper-alert airway defenses as evidenced by signifi cantly quicker response latency to glottal adduction compared with UES relaxation onset. Th is Step 1
Step 4
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Step 4 Step 5
Step 5 (22) ): In step 1, pharyngeal infusion stimulates pharyngeal receptors. In step 2, the sensory signals from pharyngeal receptors are carried to the central nervous system through vagus (X) and glossopharyngeal (IX) nerves. In step 3, the sensory inputs are modulated at various vagal nuclei level. In step 4, the motor response is carried by the efferent vagal nerves to the laryngeal muscles and respiratory apparatus (as in PGCR) and also to the foregut musculature (as in spontaneous or refl ex swallowing).
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have undergone chronic presence of tubes in the airway or digestive tract, instrumentation, ventilation, cardiac surgery, or ligation of patent ductus arteriosus (which is in close relation to the recurrent laryngeal nerve). Any or all of these procedures may aff ect the sensory-motor integrity of aerodigestive refl exes, and further work is needed to evaluate the adaptive mechanisms that may prevent aerodigestive compromise. For example, left vocal-fold paralysis is a signifi cant concern post cardiac surgery (26, 27) , as the vagal nerve plexus or the left recurrent laryngeal nerve may be the undesirable target of injury. Th e consequences of aerodigestive compromise and impaired clearance may potentially cause symptoms related to glottal edema, post-extubation stridor, fl oppy airway, laryngotracheomalacia, bronchospasm, or GER. (iii) In the evaluation of aspiration, an absence or delay in the occurrence of PGCR may predispose to pre-deglutitive aspiration or microaspiration. Th e mechanisms of chronic cough can also be systematically studied using these novel methods. Furthermore, an absence or delay in glottal closure during spontaneous swallow or during PRS may provide evidences for deglutitive aspiration. A delay in the initiation of swallow or failed peristaltic propagation on pharyngeal stimulation may potentially contribute to the high risk of aerodigestive problems.
In conclusion, we defi ned the existence of pharyngo-glottal and PRS interactions in infants using novel methods, concurrent manometry, and USG. Pharyngeal provocation resulted in two independent responses: glottal closure (PGCR) and PRS. During the latter event, glottal closure also occurred. Glottis adduction happened in either phase of respiration, suggesting an inhibition of the respiratory drive in both phases, providing credence to airway protective function of this refl ex entity resulting from the presence of a stimulus within the pharynx. Th e methods and approaches described in this paper can be applicable to study the pharyngo-glottal pathophysiology across all ages owing to its noninvasive nature.
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